OBJECTIVE: An elevated cardiovascular disease risk for shiftworkers has frequently been reported, however, the mechanism is still unknown. Changes in eating habits, in physical activity or metabolic factors could be involved. In this study we assessed the relationship between body mass index (BMI) as a possible indicator of changed eating habits or metabolic involvement and duration of shiftwork. DESIGN: Data from an ongoing cohort study among 377 shiftworkers and non-shiftworking controls, all starting in a new job were used. Anthropometric measurements were carried out at the start of the assignment. Job history was obtained by a questionnaire. RESULTS: A positive relationship was observed between BMI and waist to hip ratio (WHR) and duration of shiftwork experience, with an adjustment for age. The linear regression coef®cients, with additional adjustments for sex, smoking status, physical activity and educational level were 0.12 kgam 2 per y in shiftwork for BMI (P`0.05) and 0.0016 per y in shiftwork for WHR (P`0.05). CONCLUSIONS: These results suggest a relationship between years worked in shifts with BMI and WHR for both males and females. Whether this might re¯ect an effect of changed dietary habits or a metabolic effect is not yet clear.
Introduction
During the last decade convincing evidence for an elevated cardiovascular risk in people working in shifts has been reported. 1 ± 3 However, the mechanisms behind this elevated risk remain unclear. Suggested hypotheses include changes in eating habits, in physical activity or the involvement of metabolic factors. 4 Elevated body mass index (BMI) and waist to hip ratio (WHR) as observed in shiftworkers may be possible intermediary factors in the relationship between shiftwork and cardiovascular disease.
Most studies addressing the relationship between BMI or WHR and shiftwork have focused on current shiftwork status. The studies of Rosmond et al 5 and Nakamura et al 6 revealed a signi®cantly higher WHR for shiftworkers compared to daytime workers. Rosmond et al 5 also reported signi®cantly elevated BMI values whereas Niedhammer et al 7 reported a signi®cantly elevated prevalence of overweight among nurses working nights compared to controls working in daytime. Other studies reported no signi®cant elevation of BMI 8, 9 or prevalence of overweight 10 for shiftworkers. Since an effect of shiftwork on body composition may have a considerable time lag, current shiftwork may be less relevant in this respect than a history of shiftwork. Therefore, job rotation may explain the absence of an association in some of the studies mentioned. Only two studies reporting the relationship between BMI and duration of shiftwork were found in the English literature. The data from a study by Kawachi et al 2 show a positive relationship between an increasing number of years worked in rotating night shift (no signi®cance levels given) and BMI. Niedhammer et al 7 reported an association between prevalence of overweight and weight gain and exposure to nightwork. In the French literature three other studies were found regarding BMI and shiftwork. Two of the studies did not ®nd a relationship between annual weight gain 9 or prevalence of overweight 10 and working in shifts whereas the study of Romon-Rousseaux et al 11 reported an increased weight gain per year of age for shiftworkers compared to day workers.
In the current study, baseline measurements from an ongoing cohort study were used to investigate the relationship between the duration of shiftwork and BMI and WHR. Knowledge of this relationship could throw some light on the possible role of body composition in the elevated cardiovascular disease risk in shiftworkers.
Subjects and methods

Study population
In the present study, baseline data from an ongoing cohort study among shiftworkers and non-shiftworking controls, all starting in a new job were used. In the cohort study, changes in cardiovascular risk factors are monitored over a 1 y period in shiftworkers and daytime controls to elaborate possible factors in the elevated cardiovascular disease risk among shiftworkers. The study was approved by the ethical committee of the Wageningen Agricultural University.
The following inclusion criteria were used:
Working at least 32 h a week. Expecting to work next year in the same job. No use of medication or previous hospitalization for a cardiovascular disease.
No insurmountable objections against shift work (see measurements). Aged between 18 and 55 y.
Potential participants were approached during an 18 month period using three strategies in order to sample from different shift work schedules: (1) persons undergoing a pre-employment medical examination in two occupational health services; (2) all workers in a newly built waste incinerator plant; and (3) nurses in training, starting their practical work in hospital training. A total of 707 people were approached for participation in the study, 98 were not eligible (13.8%) because they did not match the inclusion criteria mentioned above. Thirty because they worked less than 32 h a week, 32 because they expected to quit the new job within one year, 11 because they had a history of cardiovascular disease, 18 because they had`insurmountable objections against shiftwork' and seven because they did not match the age criteria. Of the 609 eligible respondents, 213 refused to participate (35.0%). The major determinant of the non-response rate was the time involved in travelling to the research location. For the respondents who were measured close to their workplace (n 518) the response rate was 75.2% whereas the response rate for workers who had to travel to participate in the study (n 91) was 7.7%. The approximate response rates for shiftworkers and daytime workers were 65.4% and 63.4% respectively (only approximate numbers can be given because the shiftwork status of 18 non responders is not known). In total, 396 people participated but 19 observations were excluded from the analysis due to incomplete data.
Measurements
Measurements were performed between one week and two months after the start of a new job. All participants received a questionnaire and were asked to return it by mail after completion in à con®dential' envelope to the research staff. Unclear or missing answers were veri®ed over the telephone. Nevertheless, some participants refused to answer all questions. Most questions were close-ended and came from standardized questionnaires.
Current job title and job history. We asked for the current job, including company, department, and shift work schedule. According to social status and job content all jobs were coded. In total, nine different job titles were used. In this study, we de®ned shift work as working an alternating work schedule including nights. Information on all previous jobs including job title, employer, starting and ending dates and shift work status was asked retrospectively. Respondents were asked to ®ll the job title, type of company, starting and end dates of the job and whether or not the job was in shifts, including nightshifts, for all their previous jobs, starting from their most recent job and ®nishing with the ®rst job. Duration of shiftwork was calculated from these data.
Objections against shift work. In order to improve comparability, to minimize confounding caused by differences between shift workers and daytime workers before starting a job (healthy worker effect), only daytime workers with no insurmountable objections against working in shifts were included. The following question was used to assess this.
Would you keep working in your current job if the department were to switch to shiftwork jobs? (1) Yes, without any objections; (2) Yes, but only if there is a ®nancial reward; (3) Only if there are no other jobs available; (4) On no account. We excluded people who gave answer (4) to this question.
Personal characteristics. In the questionnaire educational level was coded in seven levels from elementary school to university education. In the ®nal analysis these were categorized into junior education (elementary school only, junior secondary vocational education, and junior general secondary education), senior education (senior secondary vocational education and senior general secondary education or preuniversity education) and higher education (higher vocational education and university). The physical activity indexes for work, sport during leisure time and physical activity during leisure time excluding sports, were assessed as described by Baecke et al 12 using a self-administered questionnaire. The range of the indexes were 1.1 ± 4.3, 1.0 ± 5.2 and 1.3 ± 4.5 respectively. Current (type and quantity) and past smoking habits (type, years, and quantity) were asked. Only in the pre-set analysis was smoking status: non-smoker, current smoker or smoker, used.
Anthropometric measurements. Measurements were done between one week and two months after the start of a new job. Only subjects without missing data were included for data analysis. Weight, height and waist and hip circumferences were measured unclothed in a standing position by one of two research nurses. The waist circumference was measured at the level of the umbilicus, and the hip circumference at the widest
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LGPM van Amelsvoort et al part over the buttocks. Circumferences were rounded to the nearest 0.5 cm. Weight was rounded to the nearest 500 g value. Height was rounded to the nearest 0.5 cm. BMI: weightaheight 2 (kgam 2 ) and the WHR: ratio between the waist and hip circumferences were calculated. Obesity was de®ned as having a BMI greater than or equal to 25 kgam 2 according to the WHO criteria. 13 For woman, abdominal obesity was de®ned as having a WHR greater than or equal to 0.85 and for man as having a WHR greater than or equal to 1.0. 13 
Statistical analysis
Standard methods were used for descriptive analysis and linear regression. Least square mean values, calculated with SAS proc GLM, were used to enable comparison of mean values between subgroups, adjusted for a covariant. Least square means are the expected value of class or subclass means that would be expected for a balanced design involving the class variable with all covariates at their mean value. 14 Differences between categories and signi®cance levels are identical to the differences and P-values obtained from analysis of covariance. Age adjusted odds ratios (OR) were calculated using logistic regression. 14 Linear regression analysis was performed using proc REG of the Statistical Analysis System (SAS).
14 Visual inspection of the residual values of the regression models was performed to af®rm the appropriateness of the linear model. Table 1 shows the population characteristics. Differences between male and female participants in age, education and shiftwork duration are probably due to the large proportion of female nurses. Most nurses in the study reported ®nishing their senior education. Differences in the distribution of duration of shift work experience (see Table 2 ) between males and females can largely be contributed to the lower mean age of female shift workers. Of the 225 shiftworkers, 121 worked in a schedule with backward rotation of shifts (anti-clockwise rotation), 32 with forward rotation of shifts (phase delay, clockwise rotation) and 72 worked in shifts without a ®xed schedule.
Results
A positive relationship was found between BMI and WHR and duration of shiftwork experience, with an adjustment for age. For males working between 2 and 5 y and more than 5 y in shifts the difference in WHR compared with persons without shiftwork experience was statistically signi®cant (see Table 2 and 3) whereas for BMI the difference was only signi®cant between the more than 5 y worked in shifts and never worked in shifts groups. When combining the b 0 ± 2 y, the b 2 ± 5 y and the b 5 y to one always worked in shift group, the difference in BMI between this group and the never worked in shift group was (borderline) statistical signi®cant in both the males and females (difference: 1.19 kgam 2 P 0.05 for females and 0.92 for males, P 0.08).
In order to see whether the prevalence of obesity and abdominal obesity is associated with shiftwork history, age corrected OR were calculated using logistic regression models. The age corrected OR for always working in shifts compared to never working in shifts were 1.71 (95% con®dence (95% CI) 1.03 ± 2.83) for obesity and 3.38 (95% CI 1.30 ± 8.77) for abdominal obesity. Next to age we assessed the possible confounding factors smoking status, physical activity at work, physical activity during sport, educational level and last shiftwork 
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LGPM van Amelsvoort et al more than 1 y ago ± by including them one by one in the logistic regression model together with shiftwork history and age. Only the model corrected for age and smoking status is presented here because smoking appeared to be only factor to have a considerable in¯uence on the estimated OR and thus is a likely confounding factor. The results from this analysis, as presented in Table 4 and 5, show a similar trend as in Table 2 and 3, when comparing the different`years of shiftwork' groups, but with more pronounced effects for abdominal obesity. Tables 6 and 7 give the crude and adjusted regression coef®cients for duration of shiftwork on BMI and WHR. In the extended model, adjustment was made for possible confounders. To adjust for possible heterogeneity of the effect of age on BMI or WHR between males and females we included the interaction term ageÂsex in the linear regression model. We included the possible confounding factor`last shiftwork more than 1 y ago' to adjust for a possible fading of the effect of working in shifts after return to a normal daytime job. Because of the high correlation between current job title and educational level, job title was omitted. Adjustment for current job title instead of educational level, however, did not importantly in¯uence the reported regression coef®cients. A separate analysis, performed with exclusion of respondents using medication with a possible in¯uence on weight and metabolism (use of corticosteroids (n 2), laxatives (n 1), psycho-active drugs (n 3) or antidiabetics (n 1)) did not yield different results. Both the multivariate adjusted linear regression coef®cients for BMI and WHR show a signi®cant positive correlation with years worked in shift system.
Discussion
We found a positive correlation between duration of shiftwork with BMI and WHR. This relation remained signi®cant after adjustment for age and other possible confounding factors. The most pronounced effects were found for WHR and prevalence of abdominal obesity. Whether this re¯ects an effect of changed food habits, a change in physical activity (at work or at home) or a metabolic effect is not yet clear. However, we did not ®nd evidence for a role of a change in physical activity. Questions involving the work history could be biased due to errors in the recall or reporting of the information. The most probable recall errors are likely to be the start and end dates of different jobs, especially when involving several jobs or jobs further back in the past. We assume that if bias due to errors in the reporting is present it will mainly cause a shift of some observations to adjacent categories and, therefore, may have had some diluting effects but will not have in¯uenced the reported ®nal results signi®cantly. No misclassi®cation of always shiftworkers to never shiftworkers or vice versa is expected. Adjusted for sex, age, ageÂsex, BMI, smoking status, physical activity at work, physical activity during sport, educational level and last shiftwork more then 1 y ago.
Shiftwork and body mass index
LGPM van Amelsvoort et al Differential error in the conducted measurements of weight, height and circumferences is not anticipated because the research nurses were unaware of the duration of shiftwork of the participants. In studies of the effects of shiftwork the pre-job selection and non differential drop-out of workers could constitute a source of bias. Because we found a positive trend between BMI and increasing duration of shiftwork, the in¯uence of differences between shiftworkers and daytime workers at the moment of their recruitment is not likely to have in¯uenced the results. Drop out of workers could be related to their shiftworking status. If the drop out is related both to BMI and to shiftwork status, differential bias will arise. We assume this bias, if present, would tend to be small and would cause a dilution of the reported effects.
Another source of selection bias could arise from selective non response. Unfortunately no anthropometric data could be obtained from the non responders. However, taking the response rate of 65%, the similar response rates in shiftworkers and the daytime controls, and the fact that a major part of the non response can be attributed to the long travel time to the research location, we assume that bias due to selective non response is likely.
When investigating the in¯uence of the duration of shiftwork, age is likely to be an important confounding factor. It is strongly associated with duration of shiftwork and could be associated with body composition. Adjustment for age, therefore, is crucial in the analysis. In our study the total number of observations was insuf®cient to perform an age-strati®ed analysis that would enable a more rigorous way of dealing with age confounding in comparison to linear modelling. We regard the adjustment using general linear modelling performed in this study, as an appropriate alternative assuming a linear relation between age and BMI and WHR. Inclusion of second-order age adjustments were far from signi®cant and did not yield different results nor did visual inspection of the data suggest anything other than a linear adjustment for age.
All day-working controls came from the same companies as the shiftworkers. Nevertheless, with a possible exception of the nurses, differences in working conditions like job strain, physical activity at work, payment, amount of spare time, between shift work jobs and day work jobs are inevitable. Separating effects caused by different conditions from the effects of shift work is not feasible and was not the purpose of the current study. Perhaps the ongoing cohort study could unravel some of the in¯uence of different shiftwork characteristics.
Because we only included people starting with a new job, differences between daytime workers and shiftworkers in body composition only re¯ect a distinction that was present before recruitment. In our data a small difference in BMI and WHR between current daytime and shiftworkers was present. This difference, however, was not signi®cant. We do not know if the difference is caused by personal differences or because the proportion of former shiftworkers is larger in people starting a new shiftwork job compared to starters in a daytime job or is just an artefact. In the studies conducted so far, comparing BMI between current shift-and daytime workers, differences already present before employment as found in our data could be responsible for, at least a part of, the reported differences. Analysing current shift work status in relation to body composition is also susceptible to the earlier transfer of workers from shiftwork to daytime work and vice versa.
Only two other studies have been found in the English literature, reporting data on the relationship between BMI and years worked in shift. 27 As in this study, a similar positive trend was present between duration of work in rotating night shifts and BMI. From Niedhammer 7 an excess weight gain due to night work has been calculated of 0.9 kg per 5 y period. From these data we estimated the annual gain of BMI due to shiftwork to be 0.07 kgam 2 (using the average height of respondents of 161 m). From the data given by Kawachi et al 2 we estimated an annual gain in BMI of 0.098 kgam 2 . These data are in line with our calculated annual excess weight gain due to shiftwork of 0.12 kgam 2 per y.
When considering the information from previous studies together with our data, the hypothesis that shiftwork is related to an increase in body weight and WHR seems justi®ed. WHR and body weight could be a mediating factor between shift work and cardiovascular disease risk. Difference in eating habits between daytime workers and shiftworkers is the ®rst factor that comes to mind as an explanatory factor for an increase of WHR and BMI during shiftwork. However, according to the literature it seems reasonable to conclude that the type of work schedule does not affect the total intake of energy or nutrients. 15 Physical activity at work and during sports could also be responsible for the reported relationship. Although no studies were found reporting differences in free time physical activity between shiftworkers and daytime workers, one might argue that, due to the shifting work hours, participation in team sports is impracticable. In our study, adjustment for current physical activity at work or during sport did not in¯uence the results, providing no evidence for an important role of physical activity. A third explanation, metabolic consequences of working during day and night time, has not been well investigated. A study by Lennernas et al 4 revealed a relation between serum low-density lipoprotein-cholesterol (LDL-C) values and the percentage carbohydrates intake during the night. They speculated about the involvement of circadian rhythmicity of digestive processes or the involvement of the circadian rhythm of insulin secretion. 16 Indications for the involvement of circadian rhythmicity of metabolic processes can be found in a small number of studies: Romon et al 17 reported a decreased Shiftwork and body mass index LGPM van Amelsvoort et al diet-induced thermo genesis when a meal was given at night compared to a meal given in the afternoon or morning was reported; Romon et al 18 reported an elevated VLDL-C (very low-density lipoprotein-cholesterol) and a decreased LDL-C (low-density lipoprotein-cholesterol) and HDL-C (high-density lipoprotein-cholesterol) response after a night-time meal compared to a daytime meal. Another mechanism involved might be the disturbance of the circadian rhythm of neuroendocrine secretion of hormones. Growth hormone secretion and cortisol, for example, are modi®ed by night work. 19 ± 21 Forthcoming data from our cohort study may provide evidence with respect to the way that shiftwork might in¯uence BMI and WHR.
